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The automotive electronics market continues to be very important for a growing range of compound semi- 
conductors. Or to put it another way, more and more compound semiconductor devices are finding their 
way into a wider range of vehicles. This is for two reasons. Firstly, these devices offer functionality and perfor- 
mance that meet existing needs of automotive systems and secondly, and most importantly in this very price- 
sensitive sector, they are available at competitive prices. 
i 
n this article we look at some 
of the newest developments in 
the application of III-Vs and re- 
lated materials in automotive lec- 
tronics which illustrate the 
aforementioned principles. For ex- 
ample, the penetrat ion of optoelec- 
tronics is continuing apace. It has 
reached the point where many 
new-build vehicles incorporate 
LED- rather than filament-lamp- 
based lighting. Conversely, the pen- 
etration of radar systems into the 
auto sector has still not yet taken 
off. This is for a variety of reasons, 
one of the most important being 
the impact on the overall price of 
the vehicle. 
LED lighting 
It is not enough, however, for 
optoelectronic devices to match 
the existing components on price 
and performance; it is becoming 
more and more important that 
they must offer additional features. 
In this respect, LEDs also offer 
longer lifetime and lower mainte- 
nance. A more subtle, but no less 
important factor, is their contribu- 
tion to the overall aesthetic design 
of the vehicle. Modern passenger 
vehicles feature many curved sur- 
faces.The low profile lighting units 
based on LEDs better suit this 
styling thanks to their being 'cold' 
low power  devices, requiring mini- 
mal replacement and maintenance. 
This lower power  requirement al- 
so facilitates ize, weight and mate- 
rial savings in the power  cable. 
Thus the switch away from fila- 
ment lamps to LEDs has a great im- 
pact on the overall design of the 
vehicle. It is for this reason that 
Figure 1. Mode/2000 Cadillac DeVille which uses HP SnapLED technology for its entire 
tail-lamp and brake lighting system (courtesy of HP). 
many companies have great expec- 
tations of a market bonanza and 
are investing in the supply of LED- 
based lighting components.  Aware 
of this sea-change, many compa- 
nies that are leaders in filament 
lighting products have moved into 
the opto market. 
It is the tradition that on-board 
electronic systems have to follow a 
4-6 year maturity cycle before they 
can become commercially impor- 
tant. It is also the way for these sys- 
tems to be featured only in the 
higher-end saloons well before 
they permeate downwards to 
more basic models, and even then 
it is for new-builds only. However, 
there is also increasing take up of 
these components in the auto ac- 
cessory market. Companies offer 
retrofittable customized rear win- 
dow brake repeater stop lamp 
units, adding to the traditional 
new-build market. 
As we reported last time (III-Vs 
Review, Vol. 12, No. 1, pp. 14-17), 
one of the leaders in the auto elec- 
tronics sector is Hewlett-Packard. 
HP announced recently that the 
new model 2000 Cadillac DeVille 
uses HP SnapLED technology for 
its entire tail-lamp and brake light- 
ing system (Figure 1).While the '92 
Cadillac Seville featured LEDs in 
the centre-high-mount-stop-light 
(CHMSL) location and LED tail- 
light assemblies are becoming 
commonplace on large truck trail- 
ers, this is the first combination 
tail-light and CHMSL application in 
any US-made car or light truck in- 
tended for ordinary consumer use. 
LEDs bring several advantages to 
the DeVille, the most notable of 
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Figure 2. White light conversion LEDs used 
for backlighting the dashboard of the Audi 
TT sports coupe (courtesy of Cree 
Research). 
which is reliability. LEDs last for 
thousands of hours, so most cus- 
tomers will probably never have to 
service this area of the car. Instead 
of a large bulb backed up by a siz- 
able parabolic reflector, the LED 
light combines an intense light 
source with a miniature reflector in 
a tidy package. This helps achieve 
the DeVille's capacious trunk space 
and the higher efficiency reduces 
power  consumption by 80%. 
"The automot ive industry has 
embraced  LED advantages such as 
reliability, design flexibility and 
safety since the 1980s, and its 
adopt ion of LEDs for h igh-mount 
stop lamps has been excellent", 
says Adil Munshi, automot ive mar- 
keting manager  for HP's 
Semiconductor  Products Group. 
"Now, as HP LEDs get br ighter  and 
much less expensive,  we are 
seeing many innovative new 
designs for full combinat ion 
lamps - those that combine turn, 
tail and stop signals - on more 
vehicle platforms." 
From Japan, Toshiba is among 
the growing number  of opto com- 
panies to supply auto-qualified 
parts. Its new 1102 line-up of SMD 
automotive InGaAIP LEDs are 
claimed to be amongst he bright- 
est available: up to 650 mcd typical 
at 562-636 nm, peak wavelength. 
The LEDs are targeted at automo- 
tive applications for backlighting 
and switch illumination, as well  as 
exterior applications that include 
the CHMSL and turn signals. 
Additional applications include 
audio, climate control and other in- 
dicator backlighting. 
"The diffused lens LED is very 
meaningful to the automotive indus- 
try because of its unique lens de- 
sign. It provides a focused viewing 
angle which directs the light output 
in an even pattern for both interior 
and exterior automotive applica- 
tions," said Malcolm Wood, Business 
Development Manager for Toshiba's 
optoelectronic products. "With its 
focused viewing angle and diffused 
emission pattern, it allows designers 
to use fewer diodes than needed in 
previous designs, while still achiev- 
ing the illumination eeded." 
While red and amber  LEDs are 
proving more and more popular  in 
the automotive sector, white LEDs 
have also begun to penetrate the 
auto sector in such areas as: 
• Backlighting of dashboard 
displays, and 
• General illumination, e.g. 
reversing lamps, interior light. 
By way of an example, Cree 
Research (now just Cree, Inc.) 
launched its In-st white LED prod- 
ucts last year and has already 
achieved several notable successes 
with original equipment manufac- 
turers (OEMs) worldwide. Notably 
the Audi TT sports coupe features 
Cree white LEDs to provide dash- 
board backlighting (Figure 2). 
White LEDs based on SiC have 
specific features that make them at- 
tractive to automotive OEMs. 
"Unlike GaN-on-sapphire LEDs, they 
have a small, vertical chip structure 
requiring a single wire bond that re- 
sults in. faster LED assembly and 
therefore reduced cost", says Mike 
Dunn, general manager of optoelec- 
tronics at Cree Research. "Also, they 
can be processed on the same line 
that handles red and green LEDs. 
These devices also have one of the 
industry's highest specifications for 
electrostatic discharge resistance - 
which is particularly important in 
the auto industry - which also re- 
duces the costs associated with 
engineering. Our blue and green 
LEDs are proving very popular 
in LED video screen and traffic 
signals". 
CAR for cars 
Since our previous auto article, the 
uptake of radar systems for vehi- 
cles - such as for collision avoid- 
ance radar (CAR) - remains an 
' optional extra' on high-end 
saloons. It is still a few more years 
before we will see CAR achieving 
significant permeat ion of the vehi- 
cle market. There are grounds for 
optimism, however: the world mar- 
ket for automotive Adaptive Cruise 
Control (ACC) - a 'smart'  device 
that maintains driver-selected 
headway interval between vehicles 
- will see exponential  growth ac- 
cording to a study by TIER ONE, of 
Mountain View, CA, USA. 
Next generation or 'Intelligent' 
systems will automatically main- 
tain a safe distance governed by 
throttle and brake control. The re- 
port  says that ACC laser-based (LI- 
DAR) systems are already 
appearing in a small number  of 
Japanese executive cars. Europe, 
however, is favouring radar-based 
ACC, with some installations on 
high-end vehicles such as the 
Mercedes Benz Distronic system. 
While North America lags in pas- 
senger car applications it is ahead 
with ACC-CW in tractor-trailers and 
long-distance buses. 
Elsewhere, RF components  are 
being considered for the provision 
of vehicle identification informa- 
tion for such applications as auto- 
mated toll collection or for 
discrete keyless security systems. 
Promising new areas for III-V elec- 
tronic components  include: 
• Forward-lookingACC radar/laser 
• Assisted-braking systems 
• Pre-crash detection 
• 'Smart' airbags 
• Obstacle detection 
• Satellite tracking 
• Wireless telematics 
• IR remote diagnostics 
• Optical databuses. 
I Il-Vs Review ° Vol. 13 No. 1 2000 
15  
Transport Applications 
So as to be ready for such appli- 
cations, the technology is being 
developed rapidly and several key 
components  of practical CAR sys- 
tems have been demonstrated in 
the past year. 
Initially, CAR systems were fab- 
ricated using hybrid circuitry com- 
prising discrete devices, but this 
approach is expensive and there- 
fore not suited to the automotive 
electronics ector. The goal of this 
arena is to achieve very low cost 
product ion and this is only possi- 
ble with a MMIC approach; prefer- 
ably all of the active circuitry 
would be in a single MMIC. For the 
automotive market it is essential to 
have the minimum number  of 
components,  in a minimum sized 
module together with maximized 
reliability and stability. The single 
MMIC solution is some way off. 
Nevertheless, progress is being 
made. For example, MMIC supplier, 
UMS (Orsay, France) is a key MMIC 
player in the auto industry. Under 
the auspices of the AWARE/LOCO- 
MOTIVE pan-European R&D pro- 
gramme, UMS has prototyped a 77 
GHz front-end system using only 
four MMICs. While the receiver is 
based on the straightforward GaAs 
Schottky diode process, the other 
three MMICs utilize a very high fre- 
quency pHEMT process. The 
38 GHz VCO and reference MMICs 
are implemented using UMS' 
0.25 micron pHEMT process and 
the 76.5 GHz transmitter uses the 
0.135 micron pHEMT process. 
Automotive distance warning 
systems are using front, side and 
backup radar sensors to monitor 
the distance and speed of adjacent 
objects and alert the driver in case 
of a potential collision. The first 
generation forward-looking ACC 
radars have emerged on the mar- 
ket but these are based on hybrid 
circuits rather than being purely 
MMICs.The latter offers an optimal 
solution for low-cost microwave 
sensors that could replace the pre- 
sent generation of low-cost ultra- 
sound. So too by being robust, 
MMIC modules can be mounted 
Figure 3. Siemens' 77 GHz MMIC-based module for automotive radar (courtesy of Siemens 
Corporate Technology). For further details see Kerssenbrock et aL, Proceedings of the 29th 
European Microwave Conference, Munich 1999, VoL 2. pp. 5-8, (published by Microwave 
Engineering Europe) or e-mail to: patric.heide @ ieee.org 
discretely behind plastic bumpers, 
for example. 
Emerging developments of 77 
GHz automotive radars have stimu- 
lated the realization of low-cost 
MMIC chip sets for RF front-end 
modules. Such systems are being 
demonstrated by numerous re- 
search labs around the world. Here 
we highlight an important devel- 
opment  from Munich, Germany. 
MMICs from the Infmeon automo- 
tive radar chip set have been used 
by workers from the Microwave 
Systems Center of Siemens AG - 
Corporate Technology. The module 
(Figure 3) makes extensive use of 
flip-chip packaging technology 
similar to that used in the mobile 
phone industry.This approach is at- 
tractive in terms of product ion 
simplicity and is complemented by 
its uniplanar substrate, i.e. there are 
no via holes, no backside metalliza- 
tion, no transitions. It is thus opti- 
mized for product ion simplicity 
and therefore total costs. 
In Japan, NEC Corp has devel- 
oped miniature 76 GHz band 
transmitter and receiver MMICs 
for automotive radar applications. 
The MMICs have small chip size 
so as to facilitate the realization of 
low-cost front-end modules. The 
MMICs are based on NEC's own 
O. 18 micron gate AIGaAs/InGaAs 
pseudomorphic  heterojunct ion 
FET technology. Remarkable chip 
size reduct ion was done in a sin- 
gle chip coplanar MMIC (3 mm x 
2 mm) where  low noise ampli- 
fiers, a medium power  amplifier, a 
mixer and a rat-race coupler  were 
combined, the smaller chip size 
enabling significant MMIC fabrica- 
tion cost reduction. 
In the USA, the Department  of 
Electrical Engineering, University 
of California, Los Angeles has 
built a system that locates sen- 
sors at various locations on a 
tractor trailer to give a readily as- 
sembled advanced detect ion sys- 
tem. It was prototyped for under  
USSl50. 
We should not forget that mi- 
crowave will likely have to com- 
pete still against established 
ultrasonic sensors and also with 
IR links. HP, for example, supplies 
the popular  IR components  that 
meet a number  of requirements 
for near-term developments in ve- 
hicles: for example, an IR trans- 
ceiver in the car can provide a 
link to a hand-held diagnostic 
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computer ,  aiding the technician in 
quickly finding vehicle problems.  
The l imited-distance of IR trans- 
mission is also attractive for vehi- 
cle identif ication information for 
automated tolls. IR could also 
compete  in low-cost LIDAR for 
ABS or ACC and provide safety via 
rain detect ion to change the brak- 
ing characterist ics of a vehicle or 
to automatical ly activate the wind- 
shield wipers.  
Where short-range transmis- 
sion and recept ion are concerned  
we should also include 'Bluetooth'  
systems being p ioneered for large- 
ly f ixed-base wireless tele- and 
datacom control  of peripherals.  
Should this ambit ious system 
reach volume product ion then it 
will become attractive to the auto 
sector through low costs per  unit. 
This article, however,  is not the 
place for a discussion of the com- 
mercial potent ial  of Bluetooth for 
III-V devices. 
Up the road 
Appetite for compound semicon- 
ductors in the automotive elec- 
tronics marketplace continues to 
grow at a faster rate than almost 
any other type of component .  The 
LED has begun to seriously chal- 
lenge the fi lament lamp for both 
interior and external lighting appli- 
cations. For new-build and retrofit 
auto sub-systems, LED-based light- 
ing is one of the biggest growth ar- 
eas in this sector. Soon the number  
of LEDs per vehicle will exceed 
the number  of Filament lamps and 
manufacturers will be planning for 
the implementat ion of headlamp 
units based on white LEDs. 
In the year since our previous ar- 
ticle there has been only slow 
progress made with vehicle radar 
systems.It would seem to be another 
couple of years away before collision 
avoidance radar becomes a standard 
feature even in high-end vehicles. 
Whilst demand has yet to get into 
top gear, it cannot be long before 
such systems achieve wider market 
take up.As we have seen here, world- 
wide many workers are aware of the 
needs of the automotive industry 
and are responding with prototypes 
of lower-cost modules. This is being 
achieved via two principal routes: 
MMICs and improved packaging. 
Whilst the implicit package cost may 
be higher than that normally used by 
this sector, when high volume manu- 
facture arrives, much greater eco- 
nomics will come into play. The 
question remains as to when this 
will actually happen. 
Overall, in opto and electronics 
it is almost guaranteed that ever 
more III-Vs are going to be needed 
for all kinds of transport applica- 
tions. The next five years will see 
further penetrat ion of LEDs and 
the arrival of MMICs for a wide 
range of on-board sensing and 
wireless applications. 
Temperature Control is Essential to Growth 
! 
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